EXPERIMENTAL MODEL FOR THE STUDY OF ANTIDIABETIC EFFECT OF AYURVEDIC METALLIC PREPARATIONS by Suresh, P. et al.
Pages 49 – 54 
 
 
Ancient Science of Life,                                                                          Vol  No. VII No. 1  July 1987, Pages 49 – 54 
 
EXPERIMENTAL MODEL FOR THE STUDY OF ANTIDIABETIC 
EFFECT OF AYURVEDIC METALLIC PREPARATIONS 
 
SURESH, P. JOSHI, D. GODE, K. D., & CHAKRAVARTHY, B. K.* 
*Cadilla Labs, Ahmedabad, India. 
 
Department of Rasa Shastra, Institute of Medical Sciences, Banaras Hindu University, 
Varanasi – 221 005, India. 
 
Received: 22 May 1986                                                                 Accepted: 11 September, 1986 
ABSTRACT: To Substantiate the claims of Ayurvedic classics, animal experimentation with 
modern technology has been carried out in this paper.  Various methods have been described for 
induction diabetes Mellitus or any other disease. Now it is the duty of an Ayurvedist to select the 
suitable method on the guidelines of Ayurvedic aetiology to produce a condition stimulating to 
Prameha (Madhumeha) and the best suitable method (Folin-Wu) for estimating the sugar 
content of blood is adopted.  Besides this one must do experiment in all species and should 
confirm the finding by clinical evaluation.  Side by side toxicity studies are also necessary.  
 
INTRODUCTION 
 
Diabetes is a global problem receiving much 
attention now-a-days.  Abundant research 
work is in progress throughout the world 
with out any satisfactory solution to the 
problem. 
 
In Ayurveda this clinical condition is 
elaborately dealt with as early as 1000 B. C. 
under the heading ‘Prameha’, of which 
‘Madhumeha’ is one subtypes that 
resembles closely to ‘Diabetes mellitus’.   
Ayurveda defines ‘prameha’ as the 
condition in which excessive, turbid and 
frequent micturition is usual while the 
etymological meaning of the Greek word 
diabetes is “Flow through”.  ‘Madhumeha’ 
is further defined as passing of urine 
resembling honey in taste and consistency.  
‘Avicenna’ also mentions that in diabetic 
urine; honey like substance is present, while 
in 17
th  A.D. Thomas Willis observes 
sweetish taste of the urine in diabetes. 
 
Ayurveda classifies Prameha according to 
Doshas (Vatika, Paittika and Kaphaja), 
Physique (Sthula / Krsa), Etological factors 
(Sahaja, Apathyaja) and prognosis (Sadhya, 
Yapya and Asadhya).  On the other hand the 
major classification of Diabetes mellitus is 
of 3 types, viz., primary (idiopathic), 
secondary (due to diseases) and gestational.  
These three major groups are further 
subdivided, but the details of these are 
beyond the scope of the present paper. 
 
For primary diabetes no single causative 
factor has been attributed.  In this type first 
is ‘juvenile diabetes’ which is also called as 
Insulin dependent Diabetes mellitus (I. D. D. 
M) while the second one is Maturity Onset 
type which is Non Insulin dependent 
diabetes mellitus (NIDDM).  The later one is 
again divided into obese and no obese types 
according to the constitution of the patient.  
In any case, the main pathology is non-
availability of Insulin to cells which is Pages 49 – 54 
required for glucose transportation across 
the cell membrane.  This may either be due 
to inefficient or insufficient insulin.  In 
Juvenile type the production of insulin is 
hampered for a variety of reasons which in 
maturity onset type the insulin production is 
normal but its utility is defective – due to 
pre  –  occupation of insulin receptor, 
insensitivity of receptors to insulin, insulin 
antibodies, and insulinase enzymes etc., Diet 
and behaviour are known to alter the utility 
of insulin by the body. 
 
In Ayurvedic practice many drugs along 
with mineral compounds are claimed to have 
their effectiveness in Prameha / 
Madhumeha.  It is interesting to note that 
many modern workers have now recognized 
the importance of some of the trace metals 
in diabetes mellitus while in Ayurveda the 
same has been mentioned centuries ago.  In 
the present context it has been thought 
proper that the antidiabetic effect  of 
Ayurvedic drugs requires reinvestigation in 
the light of modern scientific research 
techniques for their wider acceptability.  The 
present paper is aimed at describing a 
suitable experimental model to screen the 
antidiabetic effect of Ayurvedic drugs, 
selection of experimental animals, drug and 
dose ration, method of estimation of blood 
sugar and the method of inducing diabetes 
mellitus in experimental animals. 
 
Recently following research workers had 
emphasized the role of trace metals in the 
Diabetes. 
 
(1) Summer et al. (1947) observed that 
biological activity of many enzymes and 
co-enzymes is trace metal dependent. 
 
(2) Kadota (1950) proved that necrosis of B. 
cells by chemical agents is due to 
combining with the trace metals and thus 
inactivating the metal dependent 
enzyme. 
 
(3) Lazarous et al (1951) while working on 
the role of trace metals demonstrated 
experimentally that ‘none of the metals 
was capable of reversing the 
diabetogenic effect’ when given 15 
minutes after alloxan.  He further found 
in the same experiment a prophylactic 
action of some of the metals when given 
15 minutes before alloxan. 
 
(4) Ajagoinker (1952, 54 –  56); Bhatta 
(1958); Modi et al. (1960) and Sathe et 
al. (1960) studied the antidiabetic effect 
of Jasada bhasma and found it effective 
in Type II Diabetes. 
 
(5) Mirsky (1953) and Mirsky et al. (1956) 
established that the heavy metals in vitro 
act as insulinase inhibitors. 
 
(6) Gupta et al. (1961, 1962) observed that 
‘Trivanga Sila’ is having inhibitory 
action on pituitary diabetes. 
 
On the basis of the above references it is 
evident that some of the trace metals have 
some role to play in diabetes. 
 
Metals and Minerals described for 
Prameha in Ayurveda 
 
In Ayurveda there are many compounds 
claimed to have antidiabetic effect, contain 
metals and minerals also viz., Vanga, Naga, 
Jasada, Swanamaksika, Abhraka and 
Silajatu etc.  Though, there are no direct 
indications for Swarna, Rajata and Loha, 
these may also act as antidiabetic agents, 
which is evident from the clinical 
observations in practice. 
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Need of experimentation 
 
The above claims are mainly based on mere 
observation.  But present day trend demands 
scientific research background to replace the 
empiricism by rationalism.  So to verify the 
Ayurvedic claims on scientific lines, the 
animal experimentation is a prima-facie 
necessity, and need to be supplemented by 
clinical research for a valid conclusions. 
 
For experimental study following animals 
are generally employed viz. albino rats, 
albino mice, rabbits, dogs, cats, monkeys 
etc.  To prove the effect of drug 
experimentally one has to study on each and 
every species both in vitro and in vivo. 
 
In vivo there are lot of experimental designs, 
out of which control study and crossover 
study etc. are a few.  Crossover study 
contain two groups.  One group is for 
control and another is for experiment / 
treatment (treated).  After a suitable time of 
interval the groups are reversed.  This will 
minimize the intrinsic difference between 
the groups and with the small number of 
animals much more research datas can be 
collected.  If more than two groups are 
involved Latin square design may be used. 
 
In clinical study, the ‘Blind design’ is 
usually employed.  It is of two types namely 
Single blind and Double blind. 
 
Selection of Animal 
 
In case of animal experimentation, the 
experimentor should give importance to the 
selection of species before proceeding to 
actual experiment as there as much 
variations from species to species besides 
specificity.  For example:- 
 
Species  Sensitivity  Specificity of experiments 
Cats 
Hamsters 
Guineapigs 
Mice 
Dog 
Rat 
C. N. S. Sensitive 
Tissue culture sensitive 
Sensitive to cochlea 
Breeding & Toxicity 
Digestive, Diabetes, 
Liver Disorders 
C. N. S. experiments 
Cancer etc. experiments 
Auditory experiments 
- 
- 
- 
 
Similarly, certain species are resistant while 
others are susceptible to induce diabetes by 
a particular method. 
 
In case of Pancretectomy rats have 
compensatory mechanism whereas cats and 
dogs do not.  So the islets of the rat cannot 
be irreversibly exhausted by the over work 
even after half of the pancreas is removed.  
But in dogs and cats due to non-
compensatory mechanism the remnant 
pancreases will get exhausted. 
 
Thus the amount of  the pancreas to be 
removed will depend upon the species.  The 
effect and the dose of alloxan also varies 
with species. 
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Drug / Dose 
 
With regard to the body surface area the 
toxic effects produced by a dose of certain 
drug is equal and same in experimental 
animals but on the basis of the body weight 
the man is 10 times more vulnerable than 
experimental animals.  Hence the calculation 
of dose requires multiplication by 10 in 
animal experimentation.  Usually the 
‘Rasausadhas’ are given in 3 – 6 Gunjas in 
divided doses to a normal average human 
being who weighs 60 kg.  The dose varies 
according to the drug.  Hence the total dose 
divided by average weight and multiplied by 
10, gives the dose to be given in animals. 
 
In Ayurveda, it is a general practice to give 
the drug by oral route.  So it is better to 
administer the drug through oral route only 
by inserting ‘O’ No. of catheter. 
 
 
 
Species  Resistant  Susceptible 
Dog 
Cat 
Rat 
Other species 
Ducks 
Toads 
Steroid 
Steroid 
Metahypophyseal 
Metahypophyseal 
Alloxan 
Alloxan 
Metahypophyseal 
Metahypophyseal 
Steroid 
- 
- 
- 
 
Experimental Model 
 
To start with, a drug to be screened for 
antidiabetic effect should be studied on 
normo – glycaemic subjects.  Then the study 
should proceed for assessing the effect on 
hyperglycaemic subjects irrespective of the 
result of previous experiment.   
Hyperglycaemia is induced experimentally 
in animals by a variety of methods.   
Following are a few of them (1) 
Pancreatectomy, (2) Chemical, (3) 
Hormonal, (4) Diet and stress and (5) 
Antiserum. 
 
Among these chemical and hormonal are 
more commonly in vogue due to 
convenience and ease. 
 
Besides this Histological and Histochemical 
studies on the status of B-cell, insulin 
estimation by measuring circulating insulin 
and Radio-immune assay are also employed. 
 
But for a preliminary study the effect on 
normoglycaemic and hyperglycaemic 
subjects is sufficient to say that whether the 
drug is having any action or not on Diabetes 
mellitus.  The other experiments mentioned 
may be carried out to explain the mode of 
action of the drug. 
 
Methods to induce ‘Diabetes Mellitus’ 
 
A disease condition analogus to Diabetes 
mellitus should be produced in experimental Pages 49 – 54 
animals for assessing the effect of any drug.  
The following are various methods to induce 
Diabetes mellitus. 
 
(1) Dietary – (a) Over feeding (b) Starvation 
 
(2) Pancreatic insufficiency –  (a) 
Pancreatectomy – (i) Total and (ii) sub-
total (b) I.V. high glucose load. 
 
(3) Hormonal  –  (a) Growth hormone, (b) 
Steroid, (c) Glucagon 
 
(4) Stress  –  (a) Emotion (b) Asphyxia (c) 
Infection 
 
(5) Virus  –  (a) Diabetogenic virus 
(coxsackie B4). 
 
(6) Chemicals  –  (a) Alloxan (b) 
Streptozotocin (c) Fluoro acetate. 
 
(7) Antiserum  –  (a) Anti –  insulin / 
Antiserum. 
 
(a)  Overfeeding causes exhaustion of B-
cells. (b) Lehmann (1874) observed that 
when the dogs resumed eating following a 
prolonged fast they excrete glucose into 
urine. 
 
Method of Induction by Alloxan 
 
The animals are to be fasted for 24 hours.  
Insulin should be injected subcutaneously in 
1 Unit / kg body weight.  After 1 hour 
Alloxan is to be given intraperitoneally in 
150 mg/kg body weight (Acquous solution).  
After 1 hour glucose solution should be 
given intraperitoneally 1gm/kg body weight.  
Then the food is allowed.  The estimation of 
blood sugar can be done, after 24 –  48 
hours. 
 
 
 
Phases of Alloxan Action 
 
Alloxan produces a triphasic blood sugar 
response. 
 
1)  Early hyperglycaemia (1 – 4 hours) due 
to hepatic glycogenolysis.  To counteract 
this phase insulin was given prior to 
alloxan administration. 
 
2)  Hypoglycaemia (4 –  10 hours) due to 
discharge  of  insulin  from  damaged  β-
cells.  To overcome this phase Glucose 
was given after alloxan. 
 
3)  Late hyperglycaemia (10 –  12 hours 
after)  due  to  destruction  of  β-cells; it 
indicates the induction of diabetes. 
 
Mechanism of Alloxan Action 
 
1)  It lowers the glutathione of blood and 
tissues. 
 
2)  Act directly on – SH Group of enzymes 
and 
 
3)  Lowers Zn concentration either by 
competitive antagonism or by chelation. 
 
Blood Sugar estimation Methods: 
 
‘Pavy’ was the inventor of the blood sugar 
estimation method.  Out of the two oldest 
method (i.e. Titration method) was 
developed by Maclean (1979) involves an 
oxidation and reduction reactions.  The free 
iodine liberated during the reactions titrated 
against Sodium thio-sulphate. 
 
Colorimetric method was developed by 
Folin-Wu (1920).  Later so many methods 
were designed by Shaffer and Hartmann 
(1921), Somogyi –  Nelson (1945, 1962), 
Asatoor and King (1954). 
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The underlying principles in these methods 
is that Glucose on boiling reduces the 
alkaline copper sulphate to cuprous oxide.   
This cuprous oxide is made to react with 
phosphomolybdic (arsonomolybdic) acid.   
Cuprous oxide reduces this to blue coloured 
molybdenus.  This blue colour is measured 
in colorimeter at red filter.  The intensity of 
blue colour is proportional to the amount of 
glucose present.   
 
Standard Glucose Curve Plot: 
 
The standard glucose curve should be 
plotted prior to the experiment.  For this 50 
mg of D-Glucose (AR) is dissolved in 100 
ml of saturated benzoic acid solution.  This 
is known as stock solution kept under 
refrigeration.  From this stock solution 
working standard will be prepared by 
diluting with distilled water.  Different 
concentrations will be taken from this 
solutions and the Glucose curve is prepared.  
The readings of unknown are to be 
interpreted  from this curve.  The standard 
should give the same reading at all times. 
 
The reading obtained in Somogyi Nelson, 
Asatoor & King etc. methods were 20 – 30 
mg lower than the readings obtained by 
Folin-Wu and Hagedorn –  Jenson method, 
as non-reducing substances other than 
glucose are not involved. 
 
The blood is usually collected either from 
dorsal tail vein or para orbital venous plexus 
(by puncturing with thickest glass capillary 
from outer cantles)  of the rat; whereas in 
rabbit from ear veins, Collected in oxalate 
fluoride bulb or was block. 
 
The blood required is 0.1 ml and this blood 
should be made protein free by adding 0.2 
ml of 10% Sod. Tungstate * 0.2 ml of 0.67 
N H2SO4 and 3.5 ml of distilled water.  This 
was centrifuged at 1000 r.p.m. or filtered by 
using Wattman No.1 filter or Starch free 
filter paper. 
 
2 ml of supernatant / filtrate will be taken 
into special tubes known as Follin-Wu tubes 
and 2ml of alk. copper sulphate is added.   
Placed in vigorously boiling water bath for 6 
minutes.  Then cooled under running tap/ice 
cold water.  To this 2ml of phosphomolybid 
acid will be added and again boiled in hot 
water bath for 2 minutes and again cool it as 
previously.  Boiling to enhance the reaction 
and cooling is to cease the reaction. 
 
Depending upon the colour development 
water is to be added either upto 12.5 ml / 25 
ml and readings to be taken at red filter (620 
mm wave length) after thoroughly mixing.  
It should be kept in mind that one blank and 
one known standard is necessary at each 
experiment.  
 
Adjust to “O” with darkrod and adjust to 
“100” with blank.  Take readings of known 
and unknown without touching ‘Set Zero’. 
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